with breast cancer compared to the benign breast diseases patients. Moreover, some of these angiogenesis markers evaluated in tumour and serum of breast cancer patients exhibited association with standard clinical parameters, ER status as well as MVD of tumours. Angiogenesis markers play important roles in tumour growth, invasion and metastasis. Our results suggest that analysis of angiogenesis markers in tumour and serum of breast cancer patients using multiplex protein assay can improve diagnosis and prognosis in this diseases.
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Background
The formation of new microvessels from preexisting vessels is necessary for tumor growth, and subsequent tumour metastasis that involves the interaction of neoplastic cells with that neovasculature. Angiogenesis depends on endothelial cell migration, proliferation and differentiation. The process of new vessel development, partially reflects the characteristics of the genetically unmodified stromal tissue of the host, and is involved in three key pathophysiologjcal events resulting in the disease progression, cancer tumour cell proliferation, invasion and hematogenous spread [1] [2] [3] . A number of studies have reported that hematogenous spread of tumour cells is quantitatively related to intratumoural microvessel density (MVD). These data shows that the increased MVD is associated with a higher incidences of metastasis and a poor prognosis in various malignancies, including breast cancer [4] [5] [6] [7] . Usually, angiogenesis is controlled by interactions among growth factors, vascular cells and the extracellular matrix. This interaction is out of balance in cases of malignancy because of tumor-associated angiogenic factors that can be produced directly by cancer cells or indirectly by inflammatory cells that infiltrate tumor [1] [2] [3] . According to existing data, elevated levels of angiogenesis markers in both tumour and serum, have been observed in patients with different types of cancer [8] [9] [10] . r, The correlation between levels of angiogenesis regulated factors, clinical pathology and prognosis is very significant, especially in breast cancer [11] [12] [13] .
In order to elucidate the potential clinical relevance of the angiogenic activity, we estimated the levels of angiogenic molecules: bFGF, PDGF, KGF, VEGF, Ang, (Ang-2), ICAM-1 and TIMP-1 as well in tumour as in the corresponding serum samples of patients with invasive breast cancer and benign breast disease. Association between these markers and clinical parameters of tumour may have potential value in diagnosis and prognosis of breast cancer. It is very important since available prognostic parameters (lymph node status, tumor size, grade of malignancy, ER, PR and HER2 status) are relatively inadequate to precisely define the prognosis of individual patient. Identification of molecular profile of individual tumors is useful to define subgroups of patients fitting into different treatment schemes, and it's considered a most promising approach in cancer research to improve clinical outcome. Angiogenesis markers play important role in tumour growth, invasion and metastasis, and therefore they seems to be excellent set of candidates for prognostic factors.
Patients
Primary breast tumour tissues (n=127) were obtained from Caucasian patients during primary curative resection, at the Department of Surgical Oncology N. Copernicus Hospital in Lodz, Poland between 2005 and 2009. The subjects were 36 to 84 years old with median age of 62.6 years. All patients had histologically-confirmed primary breast cancer (ductal breast carcinoma (n=105) and lobular carcinoma (n=22)) and benign breast disease (fibroadenoma (n=38) and ductal hyperplasia (n=16)). Additionally, blood samples were collected preoperatively from breast cancer patients (n=76) and women with benign tumor (n=38). A database comprising detailed clinical data regarding diagnosis and histopathological variables of invasive breast cancer patients was created (Table 1. ). None of the breast cancer patients received neoadjuvant therapy. Written informed consent had been obtained from all participating subjects and the study had been approved by the local Ethics Committee of Medical University of Lodz.
Breast Tissues Sampling
Breast cancer specimens of at least 100 mg were obtained from the tumor core at the time of surgery from each patient. The specimens were verified by the study pathologist to be invasive mammary carcinomas or benign breast disease. Cell density was assessed in proteinase K digests by measuring DNA and normalizing it to tissue total protein. As a normalization measure for the DNA assessments, sample total protein was quantitated. The total protein and DNA concentration was calculated by the Qubit™ Quantitation Fluorometer (Invitrogen, California, USA). Tissue DNA content is a standard indirect measure of tissue cellularity, therefore, carcinomas specimens and benign breast disease specimens DNA levels were converted to cell numbers by dividing by 6.9 pg DNA per cell or by 6.6 pg DNA per cell, respectively. Fragments of benign lesion tumour (25-35% cellularity) and representative specimens with more than 70% tumour cells from breast cancer were then immediately shock frozen and cryopreserved (−70°C) for subsequent assay preparations. For FastQuant analysis, tissues of all specimens were homogenized in the extraction buffer (0.005 M Tris-HCl, 
Blood Sampling
Patients sera was obtained by peripheral venous blood collection which were carried out on the day of surgery. Blood samples had been collected without anticoagulant into serum separator vacutainers and allowed to coagulate for 20 to 30 min at room temperature. Sera were separated by centrifugation (2,000 rpm, 10 min), and all specimens were aliquot immediately, frozen, and stored in a −70°C freezer.
Evaluation of ER and PR
Levels of ER and PR within the tumors of the cases had been determined by immunohistochemistry as part of the routine clinical practice. Using the immunohistochemical assay, tumors were classified as positive if more than 10% of the cells showed nuclear staining for the receptor. We obtained the information on ER and PR within the tumors of the cases from the pathology reports.
FASTQuant® Microspot Assays for Angiogenesis Factor Quantification
A FASTQuant human angiogenesis array for angiogenin, Ang2, platelet-derived growth factor (PDGF)-BB, VEGF-A, fibroblast growth factor basic (FGF-b), keratinocyte growth factor (KGF), and intercellular adhesion molecule (ICAM)-1 was run according to the manufacturer's instructions (Whatman Schleicher and Schuell, Dassel, Germany). Built on FAST Slide technology, which is based upon high protein binding capacity surface chemistry, FAST Quant® combines the power of array technology with the quantitative nature and high-throughput capabilities of traditional ELISA. The FAST Slide 3-D nitrocellulose surface is the industry standard for protein arrays due to its high capacity and positive influence on protein binding and stability. Each kit contains four glass slides arranged with 16 nitrocellulose pads on which reference markers and capture antibody for analytes in that array are dotted in triplicate using nanodot technology. The kit also includes biotinylated detection antibodies and recombinant antigen standards for generating a standard curve. The quantitative analyses of angiogenic molecules were simultaneously performed under the same conditions using a 7-point mass standard curve. Briefly, slides were blocked in 70 μl blocking buffer for 30 min with shaking at room temperature; blocking buffer was removed and 70 μl samples of breast tissues and serum or standards were added to the appropriate well and incubated overnight. The slides were washed three times, then 70 μl biotinylated detection antibody (Ab) was added and incubated for 1 h. After another three washes, 70 μl streptavidin-Cy5 solution was added, the slides were incubated for 45 min in the dark, washed three times, and allowed to dry. The slides were imaged using a GenePix scanner (Axon, Molecular Devices, Workingham, Berks, UK). In order to evaluate the microarray images we customized the spot intensities comparison routines available within "The R Project For Statistical Computing" version 2.5.1 ( Fig. 1) . A log transformation of the signal from the samples permitted comparison to the standard curve to approximate the concentrations of the angiogenic molecules. The dynamic range for angiogenin and VEGF was 2.4-2,500 pg/ml and for all other analytes, was 12.2-12,500 pg/ml.
Assessment of MVD
"Blood Sampling" micro millimeters thick of formalinefixed, paraffin embedded tissue were placed on SuperFrost Plus slides (Menzel-Glaser, Braunschweig, Germany). These were deparaffinized in xylenes and rehydrated through graded alcohols. Then, the sections were heated in DakoCytomation Target Retrival Solution (DAKO, Glostrup, Denmark), pH 9,0, for 20 min in water bath to epitope retrieval. After the slides were cooled for 20 min and incubated for 30 min at room temperature with the primary monoclonal antibody anti-CD34 (clone QBEnd-10, 1:50 dilution, DAKO, Glostrup, Denmark), and processed with EnVision+(DAKO, Glostrup, Denmark) system. Sections were counterstained with haematoxylin, dehydrated with ethanol, cleared in xylene and sticked with Canada balsam. Evaluation of number of vessels was done according to Weidener's method and its further modifications [14, 15] . Slides were estimated under 100x magnification to take out areas of the biggest condensation of vessels (hot spots). Next number of vessels was counted under 400x magnification (HPV, Olympus, BH). As positive result of imunohistochemistry any single positively coloured cell or group of cells was evaluated, even in cases without inside measurement of a vessel. Vessels laing beside each other were counted independly if only one stroma cell was found between them. Next mean number of vessels of 10 HPV was estimated.
Statistical Methods
Statistical programs for SigmaStat version 3.5 was used for data base management and analysis. Quantitative data were summarized in the form of means, standard deviation, median and quartiles. 
Results

Angiogenesis Markers Tumors Levels
A total of 127 samples of primary invasive breast carcinomas and 54 benign breast disease were analyzed for 8 angiogenesis markers at the protein level. We observed that breast cancer tumours exhibited high levels of PDGF-BB, and VEGF, and extremely high levels of TIMP-1 and Ang-2, which were over-expressed and barred performance of test for normality. In contras the Ang, bFGF, KGF and ICAM-1 were detected in either benign breast disease or tumour sample on similarly levels. (Table 2 ). Next we evaluated, if angiogenesis markers levels in tumour could be linked to clinical parameters such as histological grade, tumour size, lymph node status (Table 3) . Positive lymph node status was linked to elevated of VEGF and ICAM-1 expression.
Distant metastases was associated with high VEGF level. Additionally ICAM-1 was more abundant in breast cancer tumour with advanced T stage and we found that VEGF was significantly over-expressed in ER-positive tumours compared with ER-negative. We did not observe similar relationship for PR status. We did not observe any correlation between histological type and angiogenesis markers levels.
Angiogenesis Markers Serum Levels
We obtained and analyzed serum samples from 76 breast cancer patients and 38 benign breast disease patients. We found significantly higher serum levels of Ang-2, PDGF-BB, bFGF, ICAM-1 and VEGF in patients with breast cancer compared to the benign breast diseases patients. There were no significant differences in serum Ang and TIMP-1 levels between the both groups of patients ( Table 2 ). The concentration of KGF in benign breast disease patients and cancer patients be was undetectable in most individuals. Regarding bFGF only 23 breast cancer patients had measurable serum level of bFGF. For this reason we excluded KGF and bFGF from further analysis. We performed the same type of analysis to identify if there was any correlation between serum angiogenesis markers levels and clinical parameters ( Table 4 ). The analysis revealed that the largest differences were obtained for PDGF-BB levels which were very high in serum breast cancer patient with advanced T stage tumors. Additionally we demonstrated that patients with lymph node metastases had higher TIMP-1, ICAM-1 and VEGF serum level. We observed a trend to higher level of TIMP-1 and VEGF serum level in patients with distance metastases but it wasn't statistic significant. There were no relationship between remaining serum angiogenesis marker and clinical-pathologic parameters of breast cancer. Tumors were classified into two groups: those with an MVD score ≤26 (low MVD; n=32 patients) and ≥.26 (high MVD; n=22 patients). The breast cancer tumours with rich network of blood vessels presented significantly higher levels of PDGF-BB, ICAM-1 and VEGF, in contrast bFGF level inversely related with MVD. In serum, similar correlation was observed only for PDGF-BB.
Correlation Analyses
Pearson's correlation coefficient and p-values (significance) were calculated between angiogenesis markers tumour and serum levels in patients with breast cancer and benign breast diseases (Table 5 ). Tumours levels of ICAM-1 and VEGF displayed a highly significant correlation with serum levels in breast cancer patients group. No statistically significant correlation between serum Ang, KGF, PDGF-BB and bFGF levels as determined by the tumour levels was found. We also haven't found any significant correlation between tumour and serum levels of angiogenesis markers in benign breast diseases patients group.
Discussion
Angiogenesis is critical for tumour growth and progression and is mediated by a multitude of angiogenic factors and inhibitors. These factor promote tumour development not only by activation of intratumural neovascularisation but also by direct interaction with cancer cells [1] [2] [3] . Our results from breast cancer specimens confirm that hypothesis. We found significantly higher levels of angiogenic growth factors, PDGF-BB, VEGF as well as angiogenic mediators TIMP-1 and Ang-2 in breast cancer tumour compared to benign breast disease tumour. These results suggest a close association of tissue angiogenic factors and breast cancer tumour progression.
A number of studies shown that VEGF secretion by tumor cells is a prerequisite of tumour development, and that VEGF was required for the initial stages of breast tumour genesis [16] . Recent data have shown that increased tumour level of VEGF might be associated with early relapse and reduced survival in primary breast cancer [17] . Moreover, in breast cancer tumour VEGF level is known to be correlated with both high MVD and positive nodal status. Thus, VEGF is suggested to play a key role in the angiogenic response essential for breast cancer growth, but it also seems to be involved in metastases. Furthermore, our data demonstrated a significantly higher VEGF levels in ER positive tumour, that's also confirmed by previous results indicating the 17b-estradiol (E2) factor involved in direct mechanism of VEGF gene transcription regulation in ER dependent manner [18] . Therefore, different studies demonstrated negative correlation between VEGF expression and ER status resulting from BRCA1 activation [19] . Although we observed only weak correlation between VGEF serum and tumour levels of breast cancer patients, we found higher VEGF serum levels for positive nodal status subjects. Only a few data have confirmed VEGF serum level as an independent prognostic factor of breast cancer so far. Present study supported recent findings that VEGF-rich tumours are associated with breast cancer progression and distance metastases formation. The divergence of VEGF as prognostic factor may be caused by synergistic influence of other angiogenic. In our work increased levels of PDGF-BB, bFGF in breast cancer tissue were associated with change in microvessels tumour count. What's interesting, PDGF-BB was higher in high MVD tumor whereas bFGF inversely related to MVD. It is surprising, since in number of tumours including breast cancer expression both of these angiogenic factor is induced by HIF-1 under hypoxia conditions [20] . PDGF is a potent mitogen and chemoattractant for mesenchymal cells and fibroblasts which is involved in vessel maturation through the recruitment of smooth muscle cell and pericytes to growing vessels during angiogenesis [21] . In breast cancer tumour PDGF-BB enhances angiogenesis and growth by stimulating of VEGF expression in tumor endothelium that increases EC mitogenesis [22] . These data confirmed our findings because we also observed association between higher levels of both VEGF and PDGF-BB and high MVD tumour. Additionally, increased levels of serum PDGF-BB associated with tumour size indicating that this factor may be closely related to tumor growth.
bFGF, next to its paracrine effect, is involved in an autocrine loop stimulating endothelial cell proliferation [23] . Regarding bFGF, only 11 breast cancer patients had measurable serum level and bFGF tumour level was inversely related to MVD. Previously, similar dependence have been demonstrated in prostate cancer [24] . However, in several studies no relationship between bFGF and MVD has been found. The correlation of serum and tumour bFGF levels with other clinical parameters are showed no direct interaction between bFGF expression and angiogenesis in breast cancer [20, 25, 26] .
TIMP-1 is an inhibitor of the MMPs, which may have a key role in cancer cell dissemination and endothelial cell migration in angiogenesis [27] . The unexpected association between high tumor tissue levels of TIMP-1 and a poor prognosis in breast cancer seems to be a result of cancerpromoting functions. Recently, it has been demonstrated that TIMP-1 might be one of the factors involved in such a stimulation of proliferation and inhibition of apoptosis [28, 29] . Furthermore TIMP-1 which is secreted by fibroblast may inhibit the production of tumstatin, an antiangiogenic fragment of collagen IV that is produced by MMP-9 cleavage and thus increased vessel assembly [30] . In our work, we observed over-expression of TIMP-1 specific for tumor tissue with no association with other clinical parameters was estimated. In serum we found significantly higher TIMP-1 level in breast cancer specimens compared with benign stage of breast disease. Moreover, we observed high association between TIMP-1 expression and tumor's size as well as high level of MVD. We suggest that these observation may confirm the mitogenic and proangiogenic function of TIMP-1 in breast cancer.
ICAM1 has been proposed as a likely candidate for prognostic factor to breast cancer. Soluble levels of ICAM-1 in the sera of patients with stage IV breast cancer were higher than that of healthy controls [31] and patients with lower grade tumors [32] . ICAM-1 is hypothesized to be facilitates the attachment of carcinoma cells to the lymphatic endothelial cells and therefore, promote the micrometastatic in regional lymph node. ICAM-1 expression was strongly observed around and within the metastatic region of sentinel lymph node isolated from breast cancer patients [33] . In this study, we shown a significantly higher intratumoural ICAM-1 levels in samples from patients with lymph node metastases, more advanced T stage and high MVD tumours. These findings validate hypothesis that ICAM-1 may promote the development of metastases, therefore ICAM-1 tumour as well as serum level may be used as poor prognostic factor in breast cancer patients. Many investigations have demonstrated that Ang-2 overexpression is significantly associated with tumourgenesis and cancer progression [34] [35] [36] . Our results confirm these findings, we observed Ang-2 over-expression in tumour of breast cancer. Unfortunately we did not show any significant differences in Ang-2 serum levels between breast cancer patients and benign stage of breast diseases patients. This suggest that not only cancer tumours is a serum Ang-2 source.
Additionally, our results demonstrated that some of the potent angiogenetic factors of KGF and Ang are present in both cancer and benign disease of breast so their levels cannot be associated with any clinical parameters. It seems that KGF and Ang are involved in breast cancer development but not in progression of this disease.
Conclusions
Overall, obtained results confirmed that angiogenetic factors play important role in tumour growth, invasion and metastasis so they can be used as prognostic markers of breast cancer. In recent years, antiangiogenic therapy has demonstrated significant activity in patients with metastatic breast cancer. Some patients with previously untreated metastatic breast cancer, can now recive anti-VEGF monoclonal antibodies (bevacizumab) combined with standard chemotherapy doubled progression-free survival [37] . Unfortunately breast cancer treatment is still far from perfect. The evaluation of angiogenic markers set in tumour and serum may therefore play important role in selecting breast cancer patients for combination therapy consisting individual chosen antyangiogenic drugs.
